Objective: This study addresses the influence of the duration of malnutrition and the effect of weight recovery on regional fat mass distribution in moderately malnourished adolescents with anorexia nervosa (AN). Study design: We measured total and regional fat mass and leptin levels in 42 restrictive AN female adolescents and 23 controls. AN patients, followed over 2 years, were divided into three groups: prolonged moderate malnutrition (PM; secondary amenorrhea for over 1 year, nZ14); SM, short period of moderate malnutrition (secondary amenorrhea for less than 1 year, nZ13); and R, recovered from AN (BMI, body mass index and menses recovered for over 6 months, nZ15). Results: Total, trunk, and extremity fat mass were reduced in the PM and SM groups (P!0.05), whereas only PM patients showed altered regional fat distribution with a low trunk to extremity fat ratio (P!0.05). BMI increased after 12 months only in the SM group (P!0.05), with menses resumption in 69% of these patients and BMI normalization at 24 months. Their regional fat distribution was similar to controls throughout the study. No difference in any parameter was found between the R group and the controls. Conclusion: Prolonged malnutrition, but not weight recovery, is associated with an abnormal regional fat distribution pattern in moderately malnourished AN adolescents.
Introduction
Anorexia nervosa (AN) is a high prevalence (1) eating disorder characterized by low body weight and severe distortion of body compartments, associated with deficiencies in bone, fat, and lean tissue. Weight loss is mainly due to fat loss, with some authors reporting differences in the regional distribution of this fat mass reduction (2) .
Nutritional recovery is the main therapy for patients with AN, but this may result in significant changes in body composition, especially in regional fat mass distribution. Conflicting results regarding a possible trend toward central fat accumulation and trunk adiposity have been reported and suggested that this is influenced by the age of the patients, the degree of fat mass restoration, and the time required for weight recovery (3, 4) .
Fat tissue is an active player in energy balance and metabolic homeostasis, synthesizing several peptides with endocrine actions. Among these peptides, leptin acts as a satiety signal regulating energy intake and expenditure, and subsequently body weight. Hence, its levels are influenced by body fat mass and distribution (5) . In AN subjects, serum leptin levels are dramatically reduced and its physiological regulation altered (6) , which could contribute to the pathogenesis of persisting abnormalities observed in these patients.
Most published studies concerning body composition disturbances in AN have been performed in patients with severe malnutrition. However currently, patients with eating disorders are more heterogeneous with different degrees of undernutrition and clinical abnormalities, with most cases being less severe than in past decades. This is at least partially due to an earlier diagnosis of the illness that contributes to better treatment and prognosis of these patients.
The aims of this study were to 1) evaluate the influence of the duration of malnutrition on regional fat mass distribution in AN, and 2) analyze the effect of weight recovery on fat tissue distribution.
DSM-IV-TR criteria (7), over a 24-month period. The age of the patients ranged between 12.3 and 17.8 years. The patients were referred to the Department of Endocrinology from the Unit of Eating Disorders at the Hospital Niñ o Jesú s in Madrid, Spain. The patients were divided into three groups according to their nutritional status, presence or absence of amenorrhea, and its duration at the beginning of the study. The following groups were studied; (PM) prolonged moderate malnutrition; nZ14: These patients had malnutrition (body mass index (BMI) K1.69G0.63 S.D.s) and secondary amenorrhea for more than 1 year.
(SM) short period of moderate malnutrition; nZ13: These patients had malnutrition (BMI K1.45G0.50 S.D.s) and secondary amenorrhea for !1 year.
(R) recovered from AN; nZ15: This group was formed of adolescents that had previously suffered AN and had a BMI above K1 S.D.s (K0.31G0.62) and spontaneous recovery of menses at least 6 months prior to beginning the study and no evidence of bulimia.
Anorexic patients received nutritional and psychiatric therapy throughout the study. Patients with prolonged amenorrhea received oral estrogen (ethynilestradiol 30 mg/day) and gestagens (gestodene 75 mg/day) during the 24 months of the study. A control group (C) of 23 healthy age-matched Spanish girls (16.3G2.6 years with a range of 11.5-20 years) with normal BMI (8), pubertal development, and regular menstrual cycles was recruited from a public High School. Controls were studied exclusively at baseline, with no further follow-up.
The study was approved by the Subcommittee on Human Subjects of Hospital Infantil Universitario Niñ o Jesú s and an informed consent was obtained from the subjects and their parents.
Methods
After the baseline study, AN patients were evaluated every 12 months. Medical and menstrual history, as well as a physical examination, was performed at every visit. Menstruating patients were studied during the follicular stage of the menstrual cycle to avoid possible effects of cycle stage on biochemical and hormonal measurements.
The BMI was calculated by dividing total body weight (kg) by the square standing height (m 2 ). All anthropometric measurements are expressed as S.D.s for age and sex referred to a normal Spanish population (8) .
Fat mass measurements Total and regional fat mass were evaluated at baseline and every 12 months by whole-body dual-energy X-ray absorptiometry (DEXA; QRD-4500W, Hologic Waltham, MA, USA) using a standard procedure. The anatomical regions explored included the trunk, arms, legs, and total body. The in vivo coefficient of variation (CV) using this technique was below 3% at each specific regional site. This corresponded to a S.D. of w415 g for fat mass and 933 g for fat-free mass.
Results are expressed in kilograms and the percentage of regional fat mass calculated to analyze the differences between central (trunk) and peripheral (extremity) distribution of fat tissue. The percentage of trunk fat (PTF), percentage of extremity fat (PEF), and ratio of trunk fat to extremity fat (RTEF) were calculated using the following formulas: PTFZtotal trunk fat/total fat! 100; PEFZ(arms fatClegs fat)/total fat)!100; and RTEFZPTF/PEF.
Biochemical measurements Blood samples were collected after overnight fasting at 0800 h. Serum estradiol and leptin were measured as previously reported (6, 9) . Insulin and urinary free cortisol levels were determined by RIA (Diagnostic Products Corp., Los Angeles, CA, USA and Abbot respectively). Intra-and inter-assay CV values were !10%.
Statistical analysis
Data were analyzed using SPSS (10.0) software for Windows (MapInfo Corporation, Troy, NY, USA) and the results are expressed as meanGS.D. except when specified (Table 1) . Normal distribution of each parameter in every study group was assessed by Kolmogorov-Smirnov goodness of fit. Differences between groups were analyzed for each variable by ANOVA. Comparison of baseline measurements and changes over time were made by Student's t-test for paired samples. Pearson's correlation coefficient was used to investigate the association between the parameters studied. The level of significance chosen was P!0.05.
Results

Clinical data
Baseline clinical data are shown in Table 1 . There were no significant differences between the groups in chronological or bone age or in mean age at menarche.
During the follow-up period, BMI remained below K1 S.D.s in the PM group. Patients in the SM group showed significant weight recovery after 12 months (P!0.05) normalizing BMI at 24 months. BMI was in the normal range in R patients at all time points (Fig. 1 ). After both 12 and 24 months of follow-up, 12 patients did not experience weight recovery; 3 from the PM group and 9 from the SM group. Menstruation appeared spontaneously in 9 (69.2%) girls in the SM group by 12 months, while the rest remained amenorrheic at 24 months.
Body and regional fat and lean mass
Body fat mass and regional fat and lean distribution are shown in Table 2 . Patients in groups PM and SM had low total, trunk, and extremity fat mass throughout the study (P!0.05) with similar upper and lower extremity fat mass reductions regarding controls and without significant differences between them. The only changes in fat mass observed during the follow-up period were increases in total fat at 12 and 24 months and in extremity fat at 12 months in the SM group (P!0.05). No significant differences were found between patients in the recovered group and controls at any time.
Significant differences in the regional distribution of fat mass were only found in the PM group when compared with controls (Table 2) , which consisted in a reduction in the PTF throughout the study (P!0.05). The percentage of fat in the extremities was similar to controls in all AN patients. The ratio of trunk to extremity (T/E) fat was reduced exclusively in group PM from baseline to the end of the follow-up period (P!0.05) due to the persistently reduced trunk fat.
No significant difference was seen between the anorexic patients and the control group in the percentage of lean mass in the trunk or extremities, or in the ratio of trunk/extremity lean body mass.
Not every patient that increased total body fat had resumption of menses, although increments in total, trunk, and extremity fat were found in patients recovering menses (1.24G1.98, 0.36G0.67, and 0.87G1.31 kg respectively), these differences were not significant compared to non-recovering patients (K0.15G3.14, K0.10G0.92, and K0.05G2.22 kg respectively) probably due to the limited number of cases for this comparison in both subgroups (nZ9 versus nZ4).
Biochemical data
Hormonal data are summarized in Table 3 . All anorexic patients, except recovered patients, had reduced estradiol levels when compared with controls (P!0.05). Adrenal androgen and urinary free cortisol (UFC) levels were not significantly different between groups. Serum insulin concentrations were significantly lower than controls only in the PM group (P!0.05).
Leptin levels were lower in PM patients when compared with controls (P!0.05) throughout the study. Patients in the SM group normalized their leptin levels after 24 months. No significant differences were found between the recovered group and control subjects. Significant correlations (P!0.05) between leptin levels and total fat mass were found in controls and all AN groups at baseline (rZ0.50, 0.60, 0.74, and 0.75 in C, PM, SM, and R groups respectively).
Significant correlations were found between changes in S.D.S.-BMI and estradiol at 12 months (rZ0.70; P!0.001); trunk fat and leptin and insulin at 12 months (rZ0.74, P!0.001 and rZ0.42, P!0.05 respectively). In contrast, these correlations were not found after 24 months of follow-up.
Discussion
Our results demonstrate that although adolescent patients with AN and moderate malnutrition have low 
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www.eje-online.org body fat content, only those patients with prolonged malnutrition have an altered fat distribution when compared with controls, with a greater fat loss from the trunk. Weight recovery was associated with an adequately distributed fat mass acquisition, with no changes in regional fat percentages or in RTEF. Leptin levels did not change after initial BMI recovery, but normalized after BMI reached control values. DEXA is currently the method of choice to measure body composition although, as every technique, its accuracy in determining the total fat content and its distribution is limited. The RTEF is used to evaluate body fat distribution and previous authors have reported that AN adolescents with a BMI below K2 S.D.s have a low RTEF due to a greater reduction in trunk fat mass (10, 11) . Our results are in agreement with these studies, but we found that adolescents with a short period of malnutrition maintained a normal fat distribution pattern despite having a reduced BMI. Hence, the time of evolution of AN may also be a determinant of alterations in fat distribution regarding controls, although we were not able to find differences between PM and SM groups neither in fat distribution nor in BMI-S.D.s at baseline, may be influenced by the limited size of the groups. This may also explain why we did not see a difference in lean body mass distribution as reported by Misra et al., with similar bone age between groups (12).
During nutritional therapy, weight gain is quicker in the early recovery period with a tendency to lay down more fat in following phases (13) . In AN patients under nutritional treatment, fat mass is reported to represent from 21 to 77% of the total weight gain (14) . We observed an increase in fat mass only during the first 12 months in short-term moderately malnourished patients, consistent with the higher caloric intake requirement at the beginning of treatment in order to increase weight quickly. In spite of BMI normalization at 24 months, patients with short-term malnutrition did not normalize fat mass, what was not found in recovered patients; thus, fat mass may require a more prolonged recuperation period than BMI.
Some authors have postulated that fat mass distribution after refeeding could differ between adults and adolescents with AN. In adults, weight gain is accompanied by a significant increase in trunk fat with central adiposity (4, 15, 16) . This has also been reported in partially weight recovered adolescents (11) , suggesting that central adiposity may develop in these girls. In contrast, other authors have shown a normal fat distribution pattern after weight gain in adolescent patients with similar characteristics (17) . In our study, patients who had short-term moderate malnutrition achieved a normal BMI and a partial restoration of fat mass, while patients in the recovered group sustained a normal BMI and total fat mass throughout the 2-year period. Neither of these groups showed an increase in trunk adiposity. These results support the hypothesis that weight recovery results in a tendency toward normalization of body fat mass and not of increased central adiposity.
It has been postulated that rapid weight gain could be associated with an abnormal fat mass distribution, whereas it is uncertain whether therapies leading to slow and sustained weight gain could be more beneficial (4) . We have observed that from the initial BMI restoration in patients with short-term moderate malnutrition to the complete fat mass recovery and long-term maintenance in the recovered group, body fat distribution remains unchanged. These findings differ from those by Misra et al. (11) who reported that shortterm weight gain in AN adolescents was associated with an increase in trunk fat and subsequently in RTEF, although they did not exceed control values. This difference may be due to the lack of initial affection of RTEF in our patients in the SM group. Our long-term follow-up of partially and fully recovered patients suggests that neither partial nor complete fat mass restoration induces the development of trunk adiposity in moderately affected AN adolescents.
The pathophysiological implications of changes in regional fat distribution in AN patients remain unknown. Some authors have postulated that in adult AN females, the marked hypercortisolemia could influence central fat distribution (18) . However, we found normal UFC levels in AN adolescents and perhaps this could be involved in the prevention of central adiposity, nevertheless, this issue must be considered cautiously taking into account domiciliary urine collection and lack of correction for creatinine excretion. In addition, altered growth hormone (GH) secretion dynamics in AN (19) could be involved in fat distribution; unfortunately, we were not able to study GH secretion in these patients.
Serum leptin levels were reduced in AN patients with malnutrition and amenorrhea as previously reported (6, 20) . Moreover, we found that changes in leptin levels in SM group were not temporally correlated to the BMI increase in SM patients and that a prolonged period of normal body weight was necessary to return leptin levels to normal (6) . Interestingly, despite having similar BMI, total, and regional fat content, patients in PM group showed lower leptin levels than SM group at baseline. Plasma insulin concentrations are also proportional to the amount of corporal fat and a relationship with leptin levels has been reported (21) . Once again, despite having similar BMI, total, and regional fat content, patients in PM group showed lower insulin levels than SM group at baseline. These changes could be informing about a more severe impairment of patients in PM group, due to the longer duration of malnutrition.
A critical minimum amount of body weight and fat is necessary for resumption of menses in malnourished states (22, 23) . Indeed, due to the influence of leptin on the hypothalamic-pituitary-gonadal axis, the increase in leptin levels after fat mass recovery is one of the determinants of menses resumption (24, 25) . Others authors have reported that menstruation recovery occurs at w90% of adequate weight for height and age, independently of fat mass (26) . By the end of our study, a high percentage of patients from the SM group and those from recovered group showed spontaneous recuperation of menses. Short-term moderately malnourished adolescents had a partial increase in fat mass at 12 months of therapy and leptin levels normalized at 24 months, whereas patients in the recovered group had normal fat content and leptin levels. These findings support the hypothesis that a critical fat mass is necessary for the recuperation of menstrual function and that leptin plays a relevant role in gonadal function (27) . The persistence of amenorrhea in AN patients who reach a normal BMI could be due to the coexistence of estradiol and leptin deficiencies and the maintenance of specific psychopathological impairments (28) . Moreover, it is possible that although the patient's BMI is normalized, they may not have reached their metabolic optimum (29) .
In conclusion, AN adolescents with PM have an abnormal regional fat distribution due to a greater loss of trunk fat. Long-term therapies with slow weight recovery lead to fat mass restoration without impairment of regional distribution. Finally, the evaluation of body fat appears to be a more accurate indicator of nutritional status than BMI in these patients.
